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Summary
While there is evidence that breast cancer risk is positively associated with body mass index (in postmenopausal
women) and energy intake and inversely associated with physical activity, few studies have examined breast cancer
risk in association with energy balance, the balance between energy intake and expenditure. Therefore, in the cohort
study reported here, we studied the independent and combined associations of vigorous physical activity, energy
consumption, and body mass index (BMI), with breast cancer risk. The investigation was conducted in 49,613
Canadian women who were participants in the National Breast Screening Study (NBSS) and who completed self-
administered lifestyle and food frequency questionnaires between 1980 and 1985. Linkages to national mortality
and cancer databases yielded data on deaths and cancer incidence, with follow-up ending between 1998 and 2000.
During a mean 16.4 years of follow-up, we observed 2545 incident breast cancer cases. Due to exclusions for various
reasons, the analyses were based on 40,318 subjects amongst whom there were 1673 incident cases of breast cancer.
Participation in vigorous physical activity and body mass index were not independently associated with breast
cancer risk in the total cohort. A statistically significant positive trend was observed, however, between energy
intake and breast cancer risk (Ptrend = 0.01). Although there was some variation in risk associated with vigorous
physical activity, and BMI when the analyses were stratified by menopausal status, these interactions were not
statistically significant. The interaction between menopausal status and energy intake, however, was of borderline
statistical significance (Pinteraction = 0.06), with a statistically significant increased risk of breast cancer associated
with highest versus lowest quartile of energy intake among premenopausal women (Hazard Ratio [HR] = 1.45,
95% confidence interval [CI] = 1.13– 1.85, Ptrend = 0.001). There was evidence of an increased risk of breast
cancer associated with a relatively high body mass index among postmenopausal women in the highest quartile level
of energy intake (Hazard Ratio [HR] = 1.72, 95% confidence interval [CI] = 1.01– 2.93, Ptrend = 0.05). In
addition, there was evidence of an increased risk of breast cancer among premenopausal, physically inactive,
overweight/obese women who consumed ‡1972 kcal/day compared to physically active normal weight women who
consumed <1972 kcal/day (HR = 1.60, 95% CI = 1.08–2.37). Our data suggest that obese premenopausal
women with relatively high energy intake may be at increased risk of breast cancer. In addition, energy imbalance,
represented by a relatively high energy intake, lack of participation in vigorous physical activity, and a relatively
high body mass index, may be associated with increased breast cancer risk, particularly among premenopausal
women.
Background
Energy imbalance results in a change in body energy
stores due to an excess or deficit of energy intake in
comparison to energy expenditure [1]. Energy intake,
body size (the primary determinant of energy expendi-
ture), and physical activity (the major determinant of
variation in energy expenditure between individuals of
similar age and sex [1]), are important components
of energy balance. There is evidence from animal studies
that disturbances in energy balance might influence
breast cancer risk via alterations in the production of
ovarian steroid hormones [1,2], particularly estradiol,
which has been shown to be positively associated with
breast cancer risk [3,4].
Each of these components of energy balance
(namely, energy intake, physical activity, and body mass
index) has been examined separately in relation to breast
cancer risk. Specifically, low energy consumption and
relatively high levels of physical activity have been
shown in some studies to be associated with decreased
breast cancer risk [5–11], and a relatively high body
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mass index has been associated with increased risk,
particularly among postmenopausal women [11–13].
There is also some evidence that energy intake [14,15]
and body mass index [15] modify the association be-
tween physical activity and breast cancer. To our
knowledge, however, few studies have attempted to
examine these various components of energy balance
simultaneously in relation to breast cancer risk [14,15].
Such analyses might shed light on the incremental effect
of one factor given levels of one or both of the other
two. In view of the paucity of such data, we examined
the independent and combined associations of physical




The study, which has been described in detail elsewhere
[16], was conducted amongst participants in the Cana-
dian National Breast Screening Study (NBSS), a ran-
domized controlled trial of screening for breast cancer
[17]. A total of 89,835 women aged 40–59 years with no
history of breast cancer were recruited into the trial
between 1980 and 1985.
Questionnaires
At recruitment into the study, participants completed a
self-administered questionnaire that sought information
on demographic characteristics, lifestyle factors, men-
strual and reproductive history, and use of oral con-
traceptives and replacement estrogens. Starting in 1982
(that is after some participants had completed their
scheduled visits to the screening centers), a self-admin-
istered food frequency questionnaire (FFQ) was dis-
tributed to all new attendees at all screening centers and
to women returning to the screening centers for re-
screening [18]. Completed dietary questionnaires were
received from 49,613 women. The FFQ contained
questions on the frequency of consumption and usual
portion size of 86 food items. Photographs of various
portion sizes were included to assist participants with
quantification of intake. In addition, women were que-
ried about vigorous physical activity using a question
that asked ‘On an average weekday and weekend day,
how much time did you spend on the following activities
during the past one month: vigorous exercise (jogging,
running, brisk walking, vigorous sports, bicycling, and
heavy housework)?’
Calculation of energy intake, physical activity and body
mass index
Data from the food frequency questionnaire were used to
calculate daily total energy intake, and intakes of various
nutrients and alcohol, using a database developed by
modifying and expanding food composition tables from
the United States Department of Agriculture to include
typically Canadian foods [19,20]. Self-reported vigorous
physical activity was defined as the number of hours per
day of participation in the activities listed above. Body
mass index was defined as weight (kg)/height (m2); height
and weight were measured at baseline [21]. Height and
weight were measured the nurses who did the initial
examinations (i.e., at the time of enrollment and ran-
domization in the trial) and who were instructed in the
process by the center coordinators.
Ascertainment of incident breast cancer cases
and deaths
Cases were women who were diagnosed during follow-
up with incident breast cancer, ascertained by means of
computerized record linkage to the Canadian Cancer
Database. Deaths from all causes were ascertained by
means of record linkage to the National Mortality
Database and this information was utilized as a cen-
soring variable. Both of these databases are maintained
by Statistics Canada. The linkages to the databases
yielded data on cancer incidence and mortality to
December 31, 2000 for women in Ontario, to December
31, 1998 for women in Quebec, and to December 31,
1999 for women in other provinces in Canada. Among
the women for whom dietary data were available, we
identified 2545 incident breast cancers.
Statistical analysis
Of the 49,613 women with dietary data, we excluded
women with extreme energy intake values (at least three
standard deviations above or below the mean value for
loge caloric intake; i.e., kcal/day <730 or >5389)
(n = 502), those who were missing information on body
mass index (n = 494), and women for whom informa-
tion on participation in physical activity was missing
(n = 5864) or extreme (at least three standard devia-
tions above the mean loge value for hours per day of
vigorous physical activity; i.e., >2.72 h/day) (n =3085).
These exclusions (not mutually exclusive) left 40,318
women available for analysis, amongst whom there were
1673 incident cases of breast cancer.
Cox proportional hazards models (using age as the
time scale) were used to estimate hazard ratios (HR) and
95% confidence intervals (CI) for the association be-
tween breast cancer risk and participation in vigorous
physical activity (any versus none and quartiles of
duration in minutes/day), energy intake (in kcal/day,
categorized by quartiles), and body mass index (cate-
gorized as normal (<25 kg/m2), overweight (25–29 kg/
m2), or obese (‡30 kg/m2)). For these analyses, study
participants were considered at risk from their date of
enrollment until the date of diagnosis of their breast
cancer, termination of follow-up (the date to which
cancer incidence data were available for women in the
corresponding province) or death, whichever occurred
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earlier. Multivariate models included the variables listed
in the footnote of Table 2. To test for trend in the cat-
egorical variables of interest, study participants were
assigned the median value of their category, and the
resulting variable was fitted as a continuous variable in
the regression models; the statistical significance of the
coefficients were evaluated using the Wald test [22]. We
examined the main effects of the associations as well as
their two- and three-way interactions. Stratum-specific
multivariate models included the variables listed in the
footnotes to Tables 3–5. Tests for interaction were
based on likelihood ratio tests comparing models with
and without product terms representing the variables of
interest. Use of the lifetest procedure in SAS( showed
that the proportional hazards assumption was met in
this dataset. All analyses were performed using SAS
version 9 (SAS Institute Cary, NC).
Results
The average duration of follow-up for cohort members
was 16.4 years, corresponding to a total of 660,110
person-years of follow-up. The mean (± SD) age at
diagnosis for the cases was 59.6 (± 7.4) years. For the
cohort as a whole, the mean (± SD) energy intake,
minutes per day of vigorous physical activity, and body
mass index at baseline were 2,064 (± 639) kcal/day, 42.6
(±40.4) min/day, and 24.8 (±4.4) kg/m2, respectively.
Compared to non-cases, breast cancer cases were
slightly older at baseline, were less likely to have ever
used oral contraceptives, and were more likely to have a
history of breast disease, a family history of breast
cancer, and to be nulliparous (Table 1). No appreciable
difference between cases and non-cases was observed for
mean body mass index, mean energy intake, participa-
tion in vigorous physical activity, smoking and alcohol
consumption, use of hormone replacement therapy, age
at menarche, parity, or menopausal status.
Table 2 shows that in age-adjusted models, there were
no associations between body mass index and risk of
breast cancer. There was, however, an inverse trend of
borderline statistical significance with duration of vig-
orous physical activity (Ptrend = 0.05). In addition, wo-
men consuming ‡2406 kcal/day were at greater risk of
breast cancer compared to women who consumed
<1630 kal/day (HR = 1.18, 95% CI = 1.02–1.36,
Ptrend = 0.02). After multivariate adjustment (including
mutual adjustment of each factor for the other compo-
nents of energy balance), the hazard ratios for energy
intake remained essentially the same, but the hazard ra-
tios for vigorous physical activity became essentially null.
Among premenopausal women, the highest versus
lowest quartile level of energy intakewas associatedwith a
45% increase in risk (HR = 1.45, 95% CI = 1.13–1.85,
Ptrend = 0.001), but there was no association between
energy intake and risk among postmenopausal women
(v2(3)= 7.59, Pinteraction = 0.06) (Table 3). In contrast,
while there was no association between body mass
index and breast cancer risk among premenopausal
women, a positive trend was observed among post-
menopausal women (Ptrend = 0.08). Upon formal
testing, however, the test for interaction between men-
opausal status and body mass index was not statisti-
cally significant (v2(2)= 1.91, Pinteraction = 0.38). There
was no evidence of effect modification of the associa-
tion between physical activity and breast cancer risk by
menopausal status (Table 3).
Among premenopausal women there was evidence of
some variation in breast cancer risk with BMI when the
analyses were stratified (separately) by participation in
vigorous physical activity (any versus none) and by
quartiles of energy intake. However, none of the point
estimates was statistically significant and the associated
tests for interaction were not statistically significant
(v2(3)= 2.88, P = 0.24 and v2(6)= 6.69, P = 0.35,
respectively) (Table 4). Among postmenopausal women,
although there was some variation in the risk of breast
cancer associated with BMI across quartiles of energy
intake, and in particular, increases in risk in obese wo-
men with relatively low and relatively high energy in-
take, the interaction between energy intake and body
mass index was not statistically significant (v2(6)=
10.22, P = 0.12) (Table 4). The association between
body mass index and breast cancer risk among post-
menopausal women did not differ between strata defined
by participation in vigorous physical activity (Table 4).
Table 5 shows breast cancer risk for combined levels
of body mass index, energy intake, and participation in
Table 1. Baseline characteristics of the NBSS study population by
outcome
Non-cases Cases
Number of individuals 38,645 1673
Mean age at baseline
in years (SD)
48.5 (5.6) 49.5 (5.7)
Mean body mass
index (SD)a
24.8 (4.4) 24.8 (4.2)
Mean energy intake (kcal/day) 2063 2095
Vigorous physical activity (% any) 71.1 68.8
Mean duration of vigorous
physical activity (min/day)b
57 (33) 55 (32)
Alcohol consumption (% ever drinker) 26.3 26.1
Smoking history (% ever smoker) 48.6 49.7
Oral contraceptive use (% ever) 59.6 55.3
HRT (% ever)c 47.2 46.8
History of breast disease (% yes) 15.1 20.4
Family history of breast cancer (% yes) 31.6 39.4
Age at menarche (% > 12 years) 59.0 58.1
Nulliparous (%) 14.9 16.8
Mean age at 1st live birth (SD)d 24.3 (4.7) 24.9 (4.8)
Postmenopausal at baseline (%) 43.1 44.7
aBMI = Body mass index (kg/m2).
bAmong women who participated in vigorous physical activity.
cHRT = hormone replacement therapy; among postmenopausal
women only, as recorded at baseline.
dAmong parous women.
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vigorous physical activity stratified by menopausal sta-
tus. Among premenopausal women, those who were
physically inactive, overweight/obese, and had a rela-
tively high energy intake had a 60% increased risk of
breast cancer compared to normal weight, physically
active women with relatively low energy intake (95%
CI = 1.08–2.37). This association was not observed
among postmenopausal women (HR = 1.12, 95%
CI = 0.76–1.66).
Discussion
In the prospective study reported here, there was a sta-
tistically significant positive association between energy
intake and breast cancer risk, but no association be-
tween body mass index or participation in vigorous
physical activity and breast cancer risk over a 16 year
follow-up period in the total study population. There
was evidence that risk was positively associated with
energy intake among premenopausal women and that
risk was positively associated with body mass index
among postmenopausal women in the highest quartile of
energy intake. Furthermore, there was some evidence of
variation in risk according to combined levels of phys-
ical activity, energy intake, and body mass index among
premenopausal women. Specifically, premenopausal
physically inactive overweight/obese women who had a
relatively high caloric intake were at increased risk of
breast cancer compared to that for premenopausal wo-
men who undertook vigorous physical activity, were
relatively lean, and who had relatively low caloric in-
take.
Total energy intake has been shown to be positively
associated with mammary cancer in mice [23] and there
is evidence of an increased risk of breast cancer associ-
ated with relatively high energy consumption among
humans [24]. In addition, there is evidence from animal
studies that calorie restriction is associated with a
reduction in the occurrence of spontaneous mammary
tumors [25], tumor multiplicity, and tumor burden [26].
A majority of the cohort studies of calorie restriction
that have been conducted in humans also tend to sup-
port a beneficial association with breast cancer risk
[5–8,27,28]. Of the four that focused on the effects of the
war-time famine on breast cancer risk in Norway [6,7]
and the Netherlands [27,28], two [6,7] showed reductions
in risk with exposure to calorie restriction, one [28]
showed no association, and one [27] showed a positive
association. In addition, the two studies that examined
the association between anorexia nervosa prior to age 40
and subsequent risk of breast cancer both showed
reductions in risk [5,8]. However, these studies did not
collect information on individual energy intake, and
given the specificity of the study populations, these
results cannot be directly compared to the findings
Table 2. Adjusteda hazard ratios and 95% CIs for the association between participation in vigorous physical activity, energy intake, body mass
index, and risk of breast cancer
Age-adjusted Multivariate A Multivariate Bb
Cases/person Years HR 95% CI HR 95% CI HR 95% CI
Vigorous physical activity
None 513/186,818 1.00 Referent 1.00 Referent 1.00 Referent
Any 1158/473,295 0.93 0.84–1.04 0.98 0.85–1.12 0.98 0.85–1.13
Vigorous physical activity (min/day)
0–30 302/116,411 0.99 0.86–1.15 1.05 0.87–1.26 1.06 0.88–1.27
30–60 480/187,370 0.98 0.86–1.11 0.98 0.83–1.15 0.98 0.83–1.16
>60 376/169,515 0.84 0.73–0.96 0.93 0.78–1.10 0.93 0.78–1.10
Ptrend 0.05 0.40 0.38
Energy intake (kcal/day)
<1630 380/165,529 1.00 Referent 1.00 Referent 1.00 Referent
1630–1978 417/167,926 1.09 0.94–1.25 1.04 0.87–1.25 1.04 0.87–1.25
1979–2405 444/167,803 1.15 1.00–1.32 1.17 0.98–1.39 1.17 0.98–1.40
‡2406 430/168,855 1.18 1.02–1.36 1.18 0.99–1.41 1.19 0.99–1.42
Ptrend 0.02 0.01 0.01
Body mass index
<25 1021/414,686 1.00 Referent 1.00 Referent 1.00 Referent
25–29 476/177,303 1.04 0.93–1.17 1.11 0.96–1.28 1.10 0.96–1.28
‡30 174/68,124 1.00 0.85–1.17 1.14 0.93–1.40 1.14 0.92–1.39
Ptrend 0.91 0.14 0.34
aMultivariate models included age (time to event variable), alcohol (zero plus three levels), smoking history (never, former, current), use of oral
contraceptives (ever versus never), use of hormone replacement therapy (ever versus never), parity (0, 1–2, 3–4, >4), age at menarche (<12, 12,
13, >13), age at first live birth (<25, 25–29, ‡30), family history of breast cancer (yes/no), history of breast disease (yes/no), menopausal status at
baseline, study center, and randomization group.
bMultivariate B models included covariates in Multivariate A, and mutual adjustment for energy intake (quartiles), participation in physical
activity, and body mass index.
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presented here. In addition, these studies were unable to
account for differences in physical activity and body
size, important determinants of total energy intake [1].
Variations in energy expenditure are largely deter-
mined by physical activity [1]. Intervention studies
[29,30] have shown inverse associations between physi-
cal activity and ovarian steroids in postmenopausal
women, thereby supporting a possible inverse associa-
tion between physical activity and breast cancer risk.
While previous epidemiologic studies of physical activity
and breast cancer have yielded mixed results, the
majority supports an inverse association [10], in contrast
to our finding of no association in the overall study
population. Differences in study findings may be due, in
part, to the use of different methods for measuring and
categorizing physical activity [31].
Body size, which affects the amount of energy re-
quired for resting metabolic activity and physical
activity, is a component of energy balance [1]. The
relationship between body mass index and breast cancer
has been examined in a number of cohort studies [12]. In
contrast to previous cohort studies [12,13,32], we found
no association between BMI and breast cancer risk
among premenopausal women. In keeping with the lit-
erature, however, which supports a positive association
[15,33–41] between body mass index and breast cancer
risk among postmenopausal women, we observed a 26%
increased risk for obese versus normal weight post-
menopausal women, although this finding was not sta-
tistically significant. The increased risk associated with
obesity among postmenopausal women is consistent
with evidence that obesity is associated with higher
serum estrogen concentrations in postmenopausal wo-
men [42,43]. Given evidence that physical activity is in-
versely associated with serum estrogen levels [29], we
examined whether physical activity further modified the
association between body mass index and breast cancer
risk. While we found that while obese postmenopausal
women who did not participate in vigorous physical
activity were at slightly higher risk of breast cancer than
obese postmenopausal women who participated in any
vigorous physical activity, the difference was not statis-
tically significant, suggesting that given BMI, physical
activity may not have a strong impact on breast cancer
risk among postmenopausal women.
Dirx et al. [14], Patel et al. [44], and Malin et al. [15]
conducted analyses of physical activity stratified by en-
ergy intake. In keeping with our observation of no
Table 3. Adjusteda hazard ratios and 95% CIs for the association between participation in vigorous physical activity, energy intake, and body
mass index and risk of breast cancer stratified by menopausal status
Menopausal status at baseline
Pre Post
b818/327,994 b662/2244,616 p for interaction
Vigorous physical activityc
None 1.00 Referent 1.00 Referent
Any 0.91 0.75–1.10 1.06 0.87–1.30 0.60
Vigorous physical activity (min/day)c
0–30 1.02 0.80–1.31 1.08 0.81–1.42
31–60 0.88 0.70–1.11 1.11 0.87–1.41
>60 0.87 0.68–1.09 1.00 0.78–1.29
Ptrend 0.23 0.96 0.78
Energy intake (kcal/day)d
<1630 1.00 Referent 1.00 Referent
1630–1978 1.12 0.87–1.44 0.97 0.75–1.25
1979–2405 1.41 1.11–1.80 0.94 0.72–1.22
‡2406 1.45 1.13–1.85 0.94 0.72–1.23
Ptrend 0.001 0.86 0.06
Body mass index (kg/m2)e
<25 1.00 Referent 1.00 Referent
25–29 1.11 0.91–1.35 1.12 0.91–1.38
‡30 1.01 0.74–1.37 1.26 0.95–1.67
Ptrend 0.82 0.08 0.38
aMultivariate models included age (time to event variable), alcohol (zero plus three levels), smoking history (never, former, current), use of oral
contraceptives (ever versus never), use of hormone replacement therapy (ever versus never), age at menarche (<12, 12, 13, >13), parity (0, 1–2,
3–4, >4), age at first live birth (<25, 25–29, ‡30), family history of breast cancer (yes/no), history of breast disease (yes/no), study center, and
randomization group.
bNumber of cases/person-years.
cAlso adjusted for energy intake (quartiles) and BMI.
dAlso adjusted for participation in vigorous physical activity (any versus none) and BMI.
eAlso adjusted for participation in vigorous physical activity (any versus none) and energy intake (quartiles).
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interaction between physical activity and energy intake
(data not shown), Patel et al. [44], in an analysis of data
from the American Cancer Society Cancer Prevention
Study II (CSP-II), a prospective study in the United
States (1420 incident cases), observed no interaction
between recreational physical activity and caloric intake
Table 4. Adjusted hazard ratiosa and 95% confidence intervals (CI) for the association between participation in vigorous physical activity, BMI,
and energy intake and risk of breast cancer among premenopausal and postmenopausal women
Vigorous physical activityc Energy intaked
None Any <1630 1630–1977 1978–2405 ‡ 2406
Premenopausal women 212/81,294b 606/246,700 176/ 82,492b 196/83,595 234/84,680 212/77,227
BMI
<25 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent
25–29 1.23 0.84–1.80 1.06 0.85–1.34 0.84 0.53–1.34 1.29 0.86–1.91 1.12 0.78–1.61 1.20 0.83–1.74
‡30 1.29 0.78–2.14 0.87 0.58–1.29 1.15 0.59–2.21 1.34 0.71–2.53 0.79 0.43–1.46 0.95 0.53–1.71
Ptrend 0.23 0.82 0.95 0.19 0.79 1.00
Postmenopausal women 233/79,474b 429/165,142 163/60,872b 179/62,613 158/60,561 162/60,570
BMI
<25 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent
25–29 1.02 0.71–1.48 1.15 0.89–1.48 1.29 0.84–1.96 1.18 0.90–1.75 0.82 0.53–1.26 1.23 0.80–1.90
‡ 30 1.21 0.75–1.94 1.29 0.91–1.83 1.87 1.11–3.15 0.83 0.44–1.57 0.79 0.41–1.53 1.72 1.01–2.93
Ptrend 0.50 0.12 0.02 0.94 0.33 0.05
aMultivariate models included age (time to event variable), alcohol (zero plus three levels), smoking history (never, former, current), use of oral
contraceptives (ever versus never), use of hormone replacement therapy (ever versus never), parity (0, 1–2, 3–4, >4), age at menarche (<12, 12,
13, >13), age at first live birth (<25, 25–29, ‡ 30), family history of breast cancer (yes/no), history of breast disease (yes/no), study center, and
randomization group.
bNumber of cases/person-years.
cMultivariate model also adjusted for energy intake.
dMultivariate model also adjusted for duration of vigorous physical activity.
Table 5. Adjusteda hazard ratios and 95% confidence intervals (CI) for the association between participation in vigorous physical activity, energy
intake (kcal/day) and body mass index (kg/m2) and risk of breast cancer
Body mass index (kg/m2)
Vigorous physical activity Energy intake (kcal/day) <25 ‡25
Premenopausal
Any <1972 1.00 Referent 1.03 0.74–1.42
(173/83,947)b (82/37,176)
‡1972 1.44 1.13–1.82 1.49 1.12–1.99
(240/87,378) (110/37,878)
None <1972 1.12 0.78–1.60 1.37 0.91–2.07
(64/27,219) (45/15,872)
‡1972 1.38 0.96–1.98 1.60 1.08–2.37
(52/23,061) (50/14,993)
Postmenopausal
Any <1972 1.00 Referent 1.33 0.97–1.82
(120/47,860)b (96/31,859)
‡1972 1.01 0.75–1.36 1.05 0.76–1.46
(131/52,112) (82/32,928)
None <1972 0.95 0.64–1.40 1.06 0.72–1.56
(67/23,105) (58/19,321)
‡1972 1.02 0.68–1.53 1.12 0.76–1.66
(56/18,960) (52/17,910)
aMultivariate models included age (time to event variable), alcohol (zero plus three levels), smoking history (never, former, current), use of oral
contraceptives (ever versus never), use of hormone replacement therapy (ever versus never), parity (0, 1–2, 3–4, >4), age at menarche (<12, 12,
13, >13), age at first live birth (<25, 25–29, ‡30), family history of breast cancer (yes/no), history of breast disease (yes/no), study center, and
randomization group.
bNumber in parentheses represents the number of cases/ person-years for that category.
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( p-interaction = 0.96) among postmenopausal women.
Dirx et al. [14], in a prospective study in the Netherlands
(1208 incident cases), found no association between
duration of recreational physical activity among post-
menopausal women in the lowest quintile level of energy
intake, but they did observe inverse trends among
postmenopausal women in the upper four quintile levels
of intake. Malin et al. [15], in a case–control study
conducted in Shanghai, observed a 4.7-fold increased
risk in postmenopausal women who did not participate
in adult exercises/sports and who had a BMI > 25 kg/
m2, and a 2.7-fold increased risk in postmenopausal
women who did not participate in adult exercises/sports
and who were in the highest quartile level of energy
intake. These studies each differed from ours in that age
at baseline was lower in our study population, and they
also differed from ours (and each other) with respect to
categorization of energy intake and duration of physical
activity [14,15,44]. We found no evidence of effect
modification of the association between caloric intake
(using the cut points indicated by Patel et al. [44]) and
breast cancer risk by quartiles of duration of physical
activity (derived from the distribution of duration of
physical activity in our study population). Likewise, we
examined the association between duration of physical
activity, using the cut points indicated by Dirx et al. [14],
and breast cancer risk by quintile levels of energy intake
(based on energy intake in our study population, given
that Dirx et al. [14] did not provide information on cut
points used in their analysis) among postmenopausal
women. In contrast to Dirx et al. [14], we found no
association between duration of physical activity and
breast cancer risk among any of the strata of energy
intake (quintile levels) (data not shown). The differences
between our results and those of Dirx et al. [14] may be
due, in part, to differences in energy intake between
these study populations.
McKeown-Eyssen proposed that a metabolic profile
that reflected a combination of risk factors associated
with an increased risk of cancer (obesity, Western diet,
low physical activity) may provide a growth-promoting
environment for cells, particularly neoplastic cells, pos-
sibly through influences on insulin resistance [45]. Given
evidence that hyperinsulinemia is associated with in-
creased breast cancer risk [46,47], it is plausible that this
metabolic profile has a greater influence on cancer risk
than do the individual effects of body size, obesity, or
physical activity [45]. The combined effects of energy
intake, BMI, and physical activity were investigated in
two recent studies [14,15]. Dirx et al. [14] examined the
interaction between energy intake and recreational
physical activity and breast cancer risk among post-
menopausal women stratified by BMI, as part of a case-
cohort analysis using data from the Netherlands Cohort
Study (1208 incident cases), and found a statistically
significant inverse trend associated with longer duration
of physical activity among postmenopausal overweight
(BMI = 25–30 kg/m2) women with relatively high
caloric intakes (Ptrend = 0.002). Malin et al. [15]
reported results from a case–control study in China. As
did they, we found evidence of an increased risk of
breast cancer among premenopausal women who were
physically inactive, overweight/obese, and had a rela-
tively high energy intake. Unlike Malin et al. [15],
however, we did not observe an association between
energy balance and risk among postmenopausal women.
As noted above, high energy intake and low energy
expenditure have been shown to be associated with in-
creased ovarian steroid hormone production [2,48], and
obesity is also associated with higher concentrations of
free plasma estradiol via an inverse association with
circulating sex hormone-binding globulin (SHBG) [49].
In addition to these effects, there are several other pos-
sible mechanisms by which disturbances in energy bal-
ance might influence breast cancer risk. Friedenriech
[49] postulated that individuals with greater fat tissue
may be exposed to higher levels of carcinogens given
that fat tissue has the capacity to store toxins. In addi-
tion, Hursting et al. [50], in a review of the effects of
caloric restriction and cancer risk, noted that caloric
restriction is associated with decreased oxidative stress,
possibly via decreased oxidant production, enhanced
antioxidant capacity, and decreased inflammation.
Caloric restriction has also been shown to maintain
antioxidant defense systems [51], and to decrease the
rate of DNA replication and enhance apoptosis, thereby
reducing tissue susceptibility to damage by carcinogens
[50]. Finally, energy imbalance may affect breast cancer
risk through effects on circulating levels of insulin and
IGF-I, which have been positively associated with breast
cancer risk [52]. There is evidence that energy restriction
is associated with lower circulating IGF-I levels [53–56]
and some evidence of a positive association between
IGF-1 and obesity [57]. IGF-I has been shown to reg-
ulate circulating levels of total and bioavailable sex
steroids [52] and there is evidence that IGF-I stimulates
cell proliferation and inhibits apoptosis in various cell
types [58–60] including breast epithelial cells [61].
However, while chronic energy restriction is strongly
inversely associated with circulating IGF-I levels, there
is evidence that physical activity does not generally
decrease total circulating IGF-I levels and that when
controlling for energy intake, obesity does not increase
total IGF-I levels in comparison to the non-obese state
[52]. Hence changes in IGF-I levels might account only
partially for the association between energy balance and
cancer risk.
Our data are limited by the possibility of error with
respect to the measurement of diet and the calculation of
energy intake. A pilot version of this questionnaire,
however, was validated against an interviewer-adminis-
tered diet history questionnaire and reported correlation
coefficients of 0.63 for total caloric intake [18]. Mea-
surement error may have influenced the results of pre-
vious studies of energy intake and breast cancer as well.
Our measure of vigorous physical activity was somewhat
limited in that the questionnaire asked only about the
average time spent per day over the last month in the
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following activities: jogging, running, brisk walking,
vigorous sport, bicycling, or heavy housework. Fur-
thermore, inclusion of housework in the question may
have contributed to the relatively high duration of
physical activity that we observed compared to that re-
ported in general population surveys [62]. Biased mea-
surements of energy intake and physical activity may
also have arisen because of the known underreporting of
energy intake and over-reporting of energy expenditure
among heavier individuals, particularly in women
[63,64]. In our study population, however, overweight
and obese women (BMI ‡ 25 kg/m2) reported slightly
higher average energy intake (p < 0.0001) and slightly
lower duration of vigorous physical activity (p < 0.01)
than did lean women (BMI < 25 kg/m2) (data not
shown). Additional limitations of our study include the
fact that information on menopausal status was collected
only at baseline. Given that the minimum age at baseline
was 40 and that participants were followed up for an
average of 16 years, it is likely that most of those who
were premenopausal at enrolment would have become
postmenopausal during the course of follow-up. Thus it
is likely that our results for premenopausal women are
largely accounted for by a mix of breast cancers diag-
nosed pre- and post-menopausally. In addition,
approximately 22% of the study subjects overall, and
30% of breast cancer cases, were missing information on
physical activity. A comparison of those missing infor-
mation on physical activity to those for whom physical
activity information was available, however, showed
little difference between them with respect to baseline
characteristics in the overall study population or among
breast cancer cases. Finally, although we adjusted our
estimates for a wide range of potentially confounding
variables, uncontrolled confounding by dietary and
other factors cannot be excluded.
The main strengths of this investigation are its pro-
spective study design, which eliminates the possibility of
recall bias. As well, the essentially complete follow-up of
the cohort [65,66], based on linkage to national cancer
incidence and mortality databases, reduces the likeli-
hood that our results reflect bias due to differential
follow-up.
In conclusion, the results of this study suggest that
breast cancer risk may vary according to various com-
binations of the components of energy balance. In par-
ticular, our results suggest that relatively high caloric
intake may be associated with an increased risk of breast
cancer, particularly among premenopausal women. In
addition, obese postmenopausal women with relatively
high energy intake may be at increased risk of breast
cancer, and that among premenopausal women, energy
imbalance, represented by a relatively high energy in-
take, lack of participation in vigorous physical activity,
and a relatively high body mass index, may be associ-
ated with increased breast cancer risk. These results,
which require confirmation in other prospective studies,
add to the growing body of knowledge concerning the
potentially deleterious effects of energy imbalance.
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